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Introduction.
When released from the female, the egg carries with it not only genetic information programming its future development, but also metabolic stores, or the yolk, which are very abundant in many groups. The first aspect straightway held the attention of researchers, whereas the study of the mechanisms of yolk formation began only much later. For a long time it was thought that the proteinaceous yolk was synthesized only by the oocyte from amino acids of the hemolymph. This concept seemed to especially apply to the less evolved groups, but as concerned the Arthropoda and non-mammalian vertebrates, it was attacked in the 1950's in some precursor studies, e.g. work on the silkworm by Telfer (1954) , and that attack intensified from 1960 on. In myriapods, crustaceans, insects, fish, amphibians and birds it was shown that a lipoprotein complex or « vitellogenin » was prerequisite to the constitution of the protein yolk, and that this vitellogenin was often associated with other prosthetic groups and synthesized outside the ovary, vehicled by the blood and sequestered by the oocytes during vitellogenesis owing to a mechanism of endocytosis (micropinocytosis) (see review in Busson-Mabillot, 1969 ). Thus, arriving in the oocytes in a more or less modified form, the vitellogenin constituted a large part of the proteinaceous yolk.
The existence of a female-specific serum protein was reported in crustaceans for the first time by Frentz (1960) in the crab, Carcinus maenas. This was confirmed, and its relations with vitellogenesis were studied, e.g. in the shrimp, Atyaephyra desmaresti (Descouturelle and Frentz, 1967) , the crab, Paratelphusa hydrodromous (Adiyodi, 1968a) , the isopods, Porcellio dilatatus and Ligia oceanica (Besse and Mocquard, 1968) , the amphipod, Orchestia gammarella (Meusy, Charniaux-Cotton and Croisille, 1969) and the crab, Callinectes sapidus (Kerr, 1969) . A complete bibliography of early works has been compiled by Gibert (1972) .
Ultrastructural changes during growth of the oocyte.
The development of the crustacean oocyte comprises two stages which are distinguished by completely different metabolic and hormonal mechanisms (Meusy, 1963 ; Balesdent,1965) . Early growth, called previtellogenesis, occurs both during the period of sexual activity and that of sexual rest. In the amphipod, Orchestia gammarella, the oocyte, blocked in meiotic prophase, increases in diameter from 18 ym at the onset of previtellogenesis to 150-160 fL m at the end of it. The number of ribosomes and polyribosomes first increases in the cytoplasm and then small PAS-positive granules of a glycoprotein type gradually accumulate (Zerbib, 1976) . Electron microscopy showed that these granules were ergastoplasmic vesicles formed from the rough endoplasmic reticulum. This phase was thus mainly characterized by endogenous syntheses and could be called autosynthetic, even if there was a slight micropinocytosis towards its end (Zerbib, 1973 (Zerbib, , 1978 . Several authors (Dhainaut and de Leersnyder, 1976a ; Charniaux-Cotton, 1978) Kessel, 1962, 1963) , the decapod, Libinia emarginata (Hinsch and Cone, 1969) , the crab, Cancer pagurus (Eurenius, 1973) and the crab, Eriocheir sinensis (Dhainaut and de Leersnyder, 19766) .
The second period of oocyte growth, or vitellogenesis strictly speaking (« secondary vitellogenesis » according to the terminology of Dhainaut and de Leersnyder, 1976a ; Charniaux-Cotton, 1978) Zerbib (1973 Zerbib ( , 1978 (Beams and Kessel, 1963 ; Kessel, 1968a, b ; Ganion and Kessel, 1972) Busson-Mabillot, 1969) . In all these groups, the general outline of the mode of yolk body formation was analogous to that described in 0. gammarella. Some species of Anoura were an exception (Lanzavecchia, 1961 ; Ward, 1962 Ward, , 1964 Batinsky and Devis, 1963) ;
2) 3 H-leucine was injected into vitellogenic females : the vitellogenin, then the LPV I and LPV II became radioactive but not the LPV I' and the LPV II' (or the corresponding zone on the hemolymph electrophoregrams) ; the latter two did not become radioactive until the following molt and yolk resorption (Meusy and Junera, unpublished data).
Much work has been done on other crustaceans. We shall not mention those carried out by electrophoresis using media of mediocre resolution because their interest now is purely historical (see review in Gibert, 1972) . From about 1970 on, the crustacean hemolymph and ovaries were studied by some authors using polyacrylamide gel electrophoresis. However, many of these only reported a large number of bands and speculated on the nature of the proteins and their physiological role. Polyacrylamide gel electrophoretic determination of a vitellogenin and a lipovitellin and their r relation to vitellogenesis has been the object of some work on crustaceans (e.g. Fiel- der, Rao and Fingerman, 1971 in Uca pugilator ; Martin, 1972 (1974, 1976, 1977) (Croisille, Meusy and CharniauxCotton, 1970 ; Picaud, 1978b Vitellogenin appeared in 0. gammarella females during the 7th, 8th and 9th intermolts after hatching (Junera, 1973 Junera and Croisille, 1974) . The relation of that synthesis to the molt, has not been reported in other crustaceans to our knowledge. We supposed that ecdysterone (p-ecdysone) which controls molt might also be responsible for the variations observed, and we carried out experiments on this subject. Introducing 200 ng of ecdysterone crystals for 1 mg of animal fresh weight at the onset of the intermolt did not trigger vitellogenin synthesis, and when administered later, the hormone did not affect that synthesis rate (Blanchet, Junera and Meusy, 1975) . On the other hand, the complementary operation in which the female Y-organs, generally considered as the source ofthe molting hormone (Chang and O'Connor, 1977) were cauterized, caused a depression of the synthesis in progress. Correlated to this, the operation arrested the growth of vitellogenic oocytes (Meusy, Blanchet and Junera, 1977 ). An arrest of vitellogenesis was also reported by Reidenbach (1971) after Y-ectomy of the isopod, Idotea baHhica. Data on the crab, Carcinus maenas, are rather confused and contradictory (Arvy, Gabe, 1954, 1956 ; Demeusy, 1959 Demeusy, , 1962a . In Drosophila, quite similar results have been related by Handler and Postlethwait (1978) . Those (Lagueux, Hirn and Hoffmann, 1977 Junera and Croisille, 1971) . The grafted ovary carried out vitellogenesis in the host, as reported by Charniaux-Cotton (1957) , while the vitellogenin became abundant.
We did the complementary experiment by bilaterally ovariectomizing some females in reproduction (fig. 5) . After a maximum period of 5 to 8 days, no more newly synthesized vitellogenin was found in the hemolymph ( fig. 3) (Junera et al., 1977a Charniaux-Cotton (1952) showed that 0. gammarella ovaries had a hormonal function : they controlled the presence of a permanent secondary sex character, the oostegites, fringed with juvenile setae. Moreover, only when the ovaries were in vitellogenesis did they induce long setae (« ovigerous setae ») to appear on the oostegites (Charniaux-Cotton, 1955 . The question was : did the same ovarian hormone regulate both the vitellogenin and the ovigerous setae ?
In the mosquito, Aedes aegypti, Hagedorn and Fallon (1973) showed that a blood meal released vitellogenin synthesis only in the presence of ovaries secreting a vitellogenin-stimulating hormone (VSH). However, those authors later assimilated that hormone to p-ecdysone (Hagedorn et al., 1975) ; that would not be the case in 0. gammarella, as noted above. In most insects, the mechanisms seemed to differ from those proposed for the mosquito: many authors showed that the juvenile hormone secreted by the corpora allata constituted the hormone stimulating the vitellogenin synthesis (see review in Hagedorn and Kunkel, 1979) .
In the house cricket, Acheta domesticus, Bradley and Edwards (1978) reported that ovariectomy caused vitellogenin accumulation in the hemolymph, but that synthesis then slowed down.
In Drosophila Kambysellis (1977) succeeded, for the first time in an insect, in inducing vitellogenin synthesis in the male by grafting an ovary taken from a female after the larva had metamorphosed into pupa ; larval ovaries had no effect. Thus, Drosophila would have an « ovarian inducing agent », perhaps only secreted after hatching, which induced the synthesis. This interpretation has been challenged recently by Hagedorn and Kunkel (1979 (fig. 6 ).
The preliminary results in our laboratory obtained in collaboration with Blanchet and Junera seemed to indicate that the destruction of the protocerebron median region of 0. gammarella females was followed by a significant decrease of vitellogenin synthesis. An effect of a different type was reported in the isopod, Ligia oceanica Mocquard et al., 1969 Mocquard et al., , 1971 Picaud, 1971) , in which excision of the median area of the protocerebron caused an acceleration of vitellogenesis and molting rhythm, while in the males that operation induced a hermaphroditic physiology, characterized by the appearance of a substance resembling vitellogenin. It should be remarked that the protocerebron region in isopods probably cannot be anatomically and physiologically compared to the « corresponding » zone of the 0. gammarella protocerebron.
The role of the X-organ-sinus gland system needs to be studied. The suppression of that system in decapods by complete excision of the ocular stalks triggered vitellogenesis or accelerated it in most species ; it also seemed probable that action was related to an effect on vitellogenin synthesis. Moreover, Touir (1979) 
